The polycystic ovary syndrome (PCOS) is associated with an increased risk of cardiovascular disease (CVD). Insulin resistance (IR), hyperandrogenism, and dyslipidemia are wellknown cardiovascular risk factors in PCOS. Impaired fibrinolysis could also contribute to the development of CVD in PCOS. Global fibrinolytic capacity (GFC) is a recently developed method, which is reflected by the amount of generated D-dimer when the fibrinolysis of a freeze-dried fibrin clot is stopped by introducing aprotinin. GFC is sensitive to all the factors involved in the process of fibrinolysis. We evaluated whether women with PCOS have any alterations in the GFC and other essential hemostatic parameters. P OLYCYSTIC OVARY SYNDROME (PCOS) is the most common endocrine disorder of reproductive-aged women, characterized by hyperandrogenism and chronic anovulation (1). The disorder affects approximately 4 -8% of women of reproductive age (2, 3). Current literature supports the fact that women with PCOS have increased risk of cardiovascular disease (CVD) (4). However, there is no direct evidence of increased morbidity or mortality from CVD in PCOS (5, 6). Insulin resistance (IR), obesity, dyslipidemia, hypertension, and hyperandrogenism constitute a cluster of cardiovascular risk factors in PCOS (7-13).
thromboplastin time; thrombin time; antithrombin III; factors II, V, VII, and X; fibrinogen; plasminogen; antiplasmin; and D-dimer. Serum glucose and insulin (at baseline and during a 75-g 2-h oral glucose tolerance test) were also measured, and IR was assessed by homeostatic model assessment. GFC was significantly lower in the PCOS group, compared with the control group (2.49 ؎ 1.6 vs. 5.95 ؎ 2.43 g/ml, P < 0.001). All the other coagulation and fibrinolysis parameters were comparable between the two groups. The PCOS group had lower HDL-C and higher IR values. GFC was correlated with testosterone and free testosterone negatively and with HDL-C positively. There was no correlation between GFC and any of the IR parameters. Our results suggest that women with PCOS have impaired fibrinolysis, as reflected by the decreased GFC.
This impairment is not related to the IR and may increase the risk of CVD in PCOS. (J Clin Endocrinol Metab 87: 3871-3875, 2002)
P OLYCYSTIC OVARY SYNDROME (PCOS) is the most common endocrine disorder of reproductive-aged women, characterized by hyperandrogenism and chronic anovulation (1) . The disorder affects approximately 4 -8% of women of reproductive age (2, 3) . Current literature supports the fact that women with PCOS have increased risk of cardiovascular disease (CVD) (4) . However, there is no direct evidence of increased morbidity or mortality from CVD in PCOS (5, 6) . Insulin resistance (IR), obesity, dyslipidemia, hypertension, and hyperandrogenism constitute a cluster of cardiovascular risk factors in PCOS (7) (8) (9) (10) (11) (12) (13) .
Abnormalities in the coagulation and fibrinolytic pathways could also contribute to the development of CVD in PCOS. There are conflicting reports on hemostasis in PCOS. Both increased (14, 15) and normal (16, 17) levels of plasminogen activator inhibitor 1 (PAI-1) were reported. Increased (15) and decreased (16) levels of fibrinogen were determined. On the other hand, normal values of von Willebrand factor (vWF), factor VII activity (16) , protein C, protein S, antithrombin III (ATIII), activated protein C resistance (18) , plasminogen, and ␣ 2 antiplasmin (AP) levels (17) were documented in PCOS. Many of the proteins of coagulation and fibrinolysis are involved in the pathobiology of CVD. The suppression of fibrinolysis attributable to alterations of the proteins in the fibrinolytic system are associated with the development of myocardial infarction (19) . The most important limitation of the above-mentioned studies is that they failed to search a global view of fibrinolysis and/or coagulation. All of them tried to look for a single part or a few elements of the complex puzzle of hemostasis in PCOS.
Global fibrinolytic capacity (GFC) is a recently developed assay that is reflected by the amount of generated D-dimer when the fibrinolysis of a freeze-dried fibrin clot is stopped by introducing aprotinin. GFC is sensitive to reflecting all molecular components involved in the process of fibrinolysis (20 -26) . The GFC assay allows exploration of the fibrinolytic potential of plasma and evaluation of fibrinolytic dysfunctions in a reliable manner. The main principle of the GFC method is that, in the presence of a constant and limited amount of exogenous tissue-type plasminogen activator (tPA), D-dimer generated from a standardized fibrin quantity is measured. For this purpose, a standardized fibrin tablet (containing silica and completely lacking plasminogen) is introduced into a 200-l plasma sample supplemented with a constant and limited amount of tPA. The mixture is then incubated for 1 h at 37 C. Fibrinolysis is thereafter stopped by introducing 50 l of an excess of aproAbbreviations: A, Androstenedione; AP, antiplasmin; aPTT, activated partial thromboplastin time; ATIII, antithrombin III; AUC, area under the curve; BMI, body mass index; CV, coefficient of variation; CVD, cardiovascular disease; DHEAS, dehydroepiandrosterone sulfate; FG:I, fasting glucose-to-insulin ratio; fT, free testosterone; GFC, global fibrinolytic capacity; HDL-C, high-density lipoprotein cholesterol; HOMA, homeostatic model assessment; IR, insulin resistance; Lp-a, lipoprotein-a; OGTT, oral glucose tolerance test; PAI-1, plasminogen activator inhibitor 1; PCOS, polycystic ovary syndrome; PLG act, plasminogen activity; PT, prothrombin time; T, total testosterone; TG, triglycerides; tPA, tissue-type plasminogen activator; TT, thrombin time; vWF, von Willebrand factor; WHR, waist to hip ratio.
tinin. Generated D-dimer was measured by the semiquantitative macrolatex agglutination technique. The principle of the GFC assay was depicted in Fig. 1 . Amiral et al. (20) noticed no difference whatever whether the assay was performed on whole blood, platelet-rich plasma, or platelet-poor plasma, or on heparin-or hirudin-anticoagulated specimen. GFC was also classified according to its efficacy and scored from 0 -4. The score of 0 corresponded to less than 1 g/ml generated D-dimer concentration, whereas the score 4 referred to a level of more than 20 g/ml generated D-dimer. The effects of tPA, prourinary type plasminogen activator, urinary type plasminogen activator, ␣ 2 AP, hystidin-rich glycoproteins, PAI-1, plasminogen, activated protein C, and factor XII were evaluated in the GFC assay. Because GFC assay explores plasma fibrinolytic potential, its performance has been evaluated in a variety of clinical settings associated with fibrinolytic dysfunctions. Fibrinolysis is initiated, regulated, and acts in the microenvironment. The fibrinolytic activity is then diluted and inactivated in the circulating blood. However, there is a stable residual plasma fibrinolytic activity, which reflects the body's fibrinolytic potential. This residual fibrinolytic activity closely relates to prevention of thrombosis. The pioneer studies by Amiral et al. (23) disclosed that GFC can help to identify individuals with a fibrinolytic dysfunction. Particularly, the Thrombocheck Study, which studied GFC in a large population in 685 normal individuals (337 males and 348 females), 303 hypercholesterolemic individuals (232 males and 71 females), and 210 diabetic patients (65 noninsulin-dependent diabetes mellitus patients and 145 insulin-dependent diabetes mellitus patients) revealed that the GFC method is a practical and sensitive measure of fibrinolytic activity in health and disease (23) . Studies in our laboratory also indicated that GFC is a sensitive method reflecting ongoing subclinical or overt prothrombotic/ hypofibrinolytic states, including Behcet's disease and others (24 -26) .
The aim of this study was to assess whether women with PCOS have any alterations in the GFC and the other essential hemostatic parameters. Elucidation of GFC in PCOS can reflect net fibrinolytic capacity of those patients who are prone to CVD. The advantage and unique approach in our study is to put forward a global view of fibrinolysis in this hypercoagulable enigmatic disease.
Subjects and Methods Subjects
Fifty-nine women with PCOS [mean age, 22.9 Ϯ 4.4 yr; mean body mass index (BMI), 23.0 Ϯ 2.4 kg/m 2 ] and 23 age-and BMI-matched healthy controls were recruited. Diagnosis of PCOS was based on the elevation of total testosterone (T) or free testosterone (fT) levels associated with chronic oligomenorrhea. Oligomenorrhea was defined as bleeding episodes occurring less than six times per year. Cushing's syndrome, nonclassical 21-hydroxylase deficiency, hyperprolactinemia, thyroid dysfunction, and androgen-secreting tumors were excluded, according to the recommendations of the National Institute of Child Health and Human Development consensus conference on PCOS (1). Subjects were not taking any medication for at least 3 months before the study. Informed consent was obtained from each subject. Waist to hip ratio (WHR) was determined (waist, midway between the lower rib margin and the iliac crest; hip, widest circumference over the great trochanters), and a 2-h 75-g oral glucose tolerance test (OGTT, glucose and insulin levels at 0, 30, 60, 90, and 120 min) was performed. Women with impaired fasting glucose, impaired glucose tolerance, or diabetes were excluded (27) .
Study protocol
All sampling procedures were performed in a fasting state, between 0800 -0900 h, to avoid the effect of diurnal variation of the hemostatic system. Blood samples were drawn from large antecubital veins of the forearm, without interruption of venous flow for GFC, and other hemostasis tests [including prothrombin time (PT); activated partial thromboplastin time (aPTT); thrombin time (TT); ATIII; factors II, V, VII, and X; fibrinogen; plasminogen activity (PLG act); AP, D-dimer; T; fT; androstenedione (A); dehydroepiandrosterone sulfate (DHEAS); total cholesterol; triglycerides (TG); high-density lipoprotein cholesterol (HDL-C); and lipoprotein-a (Lp-a)].
Assays
Blood samples for GFC and PT; aPTT; TT; ATIII; factors II, V, VII, and X; fibrinogen; PLG act; AP; and D-dimer were centrifuged, within 30 min of collection, at 4 C for 20 min at 3000 rpm. The supernatant plasma samples obtained were transferred into polypropylene tubes and stored, for up to 1 month, at -30 C, until assayed.
Plasma GFC levels were measured by the semiquantitative macrolatex agglutination technique using a commercially available assay (Global Fibrinolytic Capacity STA Liatest d-Di; Diagnostica Stago, Asniëres, France) Commercially available reagents, provided by the Diagnostica Stago, were used to measure PT (STA Neoplastin Plus kit), aPTT (STA APTL LT kit), TT (STA TT kit), AT-III (STA Antithrombin III kit), F II (STA factor II kit), F V (STA factor V kit), F VII (STA factor VII kit), F X (STA factor X kit), DD (STA liatest d-Di kit), fibrinogen (STA fibrinogen kit), PLG act (STA stachrom plasminogen kit), and AP (STA stachrom AP kit). For all determinations, the manufacturers' instructions were followed. The ranges of intra-and interassay coefficients of variation (CVs) of our laboratory were 5.2-8.7% and 6.5-9.4%, respectively. Plasma glucose was measured by the glucose oxidase technique (Roche Molecular Biochemicals, Mannheim, Germany). T and DHEAS were measured by chemiluminescent enzyme immunoassay (Immulite 2000; Diagnostic Products, Los Angeles, CA), with an average interassay CV of 8% and intraassay CV of 7%. A, fT, and insulin were measured by RIA (Diagnostic Systems Laboratories, Inc., Webster, TX). The average interassay and intraassay CV's were 6.7% and 6.4%, respectively.
Plasma total cholesterol, TG, and HDL-C levels were determined by enzymatic colorimetric method (Roche Molecular Biochemicals, Mannheim, Germany). The average interassay and intraassay CV's were 2.2% and 1.4%, respectively. Plasma Lp-a levels were determined by the rate nephelometry method (chemical analyzer systems; Beckman, Fullerton, CA).
Using glucose and insulin data from the OGTT, glucose and insulin areas under the curves (AUC glucose and AUC insulin ) during OGTT, as well as fasting glucose-to-insulin ratio (FG:I) were calculated. Homeostatic model assessment (HOMA) (28) is applied by using the following formula: Insulin resistance (HOMA IR) ϭ fasting insulin (U/ml) ϫ fasting glucose (mm) Ϭ 22.5. FIG. 1 . Principle of the GFC assay.
Statistical analysis
Data analysis was performed by using the 9 PC Package (SPSS, Inc., Chicago, IL). All parameters were given as mean Ϯ sd. Student's t test was used to analyze differences between the two groups. Analysis of covariance was used to adjust for WHR. Pearson correlations were used in the correlation analysis. A P value Յ 0.05 was considered as statistically significant.
Results

Baseline patient characteristics
The clinical, hormonal, and metabolic features of the PCOS women and controls are shown in Table 1 . The age and BMI were well matched in the two groups. The mean WHR was significantly higher in the PCOS group (P Ͻ 0.001). As expected, the androgen levels were significantly higher among the women with PCOS (P Ͻ 0.001 for T, fT, A, and DHEAS). The groups did not differ, with regard to total cholesterol, TG, and Lp-a values. Although HDL-C levels were within the normal range for both groups, women with PCOS had significantly lower values (P Ͻ 0.001). The PCOS group had significantly higher fasting insulin, AUC glucose , AUC insulin , and HOMA IR values than the control group (P Ͻ 0.001, P Ͻ 0.01, P Ͻ 0.001, and P Ͻ 0.001, respectively). FG:I was significantly lower in the PCOS group (P Ͻ 0.01).
Coagulation and fibrinolysis
GFC was found to be significantly lower in the PCOS group, compared with the control group (P Ͻ 0.001). All the other coagulation and fibrinolysis parameters (including PT; aPTT; TT; ATIII; factors II, V, VII, and X; fibrinogen; PLG act; AP; and D-dimer) were comparable between the two groups ( Table 2) . After adjustment for WHR, GFC remained significantly lower in the PCOS group (analysis of covariance, P Ͻ 0.05); and WHR-adjusted mean differences for all the other coagulation and fibrinolysis parameters were comparable between the two groups.
Correlation analyses
GFC was correlated with T and fT negatively and with HDL-C positively (r ϭ Ϫ0.486, P ϭ 0.001; r ϭ Ϫ0.371, P ϭ 0.014; and r ϭ 0.327, P ϭ 0.04, respectively). There was no correlation between GFC and any of the IR parameters, including fasting insulin, AUC insulin , HOMA-IR, and FG:I values.
Discussion
In this study, GFC in women with PCOS was assessed for the first time. GFC, as reflected by the amount of D-dimer after aprotinin, was lower in the PCOS group than in the healthy control group. All the other coagulation and fibrinolysis parameters were comparable between the two groups. Although GFC was correlated with androgens negatively and HDL-C positively, there was no correlation between GFC and any of the IR parameters.
Women with PCOS have risk factors for premature CVD (4). The relative risk of myocardial infarction in women with PCOS was reported to be 7.4 times that of age-matched controls (8) . A 4-fold increase in the relative risk of myocardial infarction in postmenopausal women with a history of ovarian wedge resection for PCOS at age 40 -49 yr and an 11-fold increase at age 50 -60 yr were found, in a retrospective study (16) . Two studies from the same cohort reported findings in women with PCOS that were diagnosed in the United Kingdom before 1979 (5, 6). Women were followed historically for an average of 30 yr; standardized mortality ratios were calculated to compare the death rates with general population rates. All-cause and cardiovascular mortality in the cohort were similar to that of women in the general population, and a history of coronary heart disease was not significantly more common. Several cardiovascular risk factors (including diabetes, hypertension, lipid abnormalities, increased WHR, and a history of CVD) were more prevalent among women with PCOS (5, 6) .
The impact of hypercoagulability on CVD is well-established (29 -31) . The suppression of fibrinolysis precedes CVD. High plasma concentrations of PAI-1, factor VII, fi- brinogen, vWF, and tPA are associated with the development of myocardial infarction (19, 32) . Previous studies have reported conflicting data about coagulation and fibrinolysis in PCOS. Dahlgren et al. (16) studied 28 PCOS women (43-62 yr old) and 56 controls. There was no difference in PAI-1, vWF, factor VII activity, and fasting insulin levels. Fibrinogen levels were significantly lower, and the prevalence of hypertension and diabetes were significantly higher in the PCOS group in this study. Sampson et al. (14) evaluated 24 nonobese women with PCO on ultrasound and menstrual disturbance, 26 matched controls with a normal menstrual cycle and PCO on ultrasound, and 10 matched controls with a normal menstrual cycle and normal ovarian ultrasound. They found that median fasting plasma insulin was significantly higher in the PCOS group than the other groups. Although the PCOS group had higher PAI-1 values, the difference between the PCOS and control groups was not significant. There was a significant relation between fasting plasma insulin and PAI-1 activity. Atiomo et al. (15) studied 11 women with PCOS and 12 controls. They found that women with PCOS had significantly higher PAI-1 activity and fibrinogen levels, compared with controls. There was no significant difference in plasminogen and ␣ 2 AP levels. The mean values of BMI in PCOS and control groups were 31 and 25.9 kg/m 2 , and the difference was significant. In another study by the same group (17) , 41 women with PCOS and 25 healthy controls were evaluated. Although the PCOS group had significantly higher fasting plasma insulin and lower HDL-C/total cholesterol ratio, compared with controls, there was no significant difference in PAI-1 activity, plasminogen, ␣ 2 AP, and fibrinogen concentrations.
In our study, PT; aPTT; TT; ATIII; factors II, V, VII, and X; fibrinogen; PLG act; AP; and D-dimer were comparable between the PCOS and control groups. Only GFC was found to be lower among the women with PCOS. Decreased GFC reflects impaired fibrinolysis, which could be attributable to alterations of any of the proteins involved in fibrinolysis. The biological process of fibrinolysis is a great dynamic puzzle. A wide variety of stimulatory and inhibitory molecules involved in hemostasis comprise the puzzle and affect some part of the overall fibrinolytic response, either in a negative or a positive way. Many previous studies about fibrinolysis, in any pathological event (including PCOS), dissected the whole picture by focusing on a cluster of profibrinolytic and/or antifibrinolytic molecules. GFC, is a novel assay reflecting the net fibrinolytic response, resulted in the dynamic interactions of numerous stimulatory and inhibitory molecules. In our present study; molecules affecting fibrinolysis (such as plasminogen, AP, or fibrinogen) were similar between PCOS patients and controls. However, GFC was decreased as an indicator of a state of hypofibrinolysis. Those findings implicate that GFC can be important in indicating prothrombotic states.
In our study, glucose intolerance or obesity were not confounding factors to hypofibrinolysis in PCOS. GFC was correlated with androgens negatively; and HDL-C, positively. The Thrombocheck Study (23) , performed in a large population, made known that GFC is lower in males than in females. In our study, the lower GFC values in women with PCOS vs. healthy controls and the negative correlation between GFC vs. testosterone and fT values indicates a relationship between hypofibrinolysis and hyperandrogenemia; however, it is not rational to assign GFC levels to a simple androgen effect from this cross-sectional study. Contrary to the expectation, GFC was not related to IR. This lack of association indicates that hypofibrinolysis is an independent risk factor of thrombosis. GFC is a complex and multifactorial end-parameter of the dynamic process of fibrinolysis. A wide variety of (patho)biological factors may affect its level; nevertheless, reduced GFC could implicate hypofibrinolysis/ fibrinolytic dysfunction in a given clinical setting. The Thrombocheck Study (23) has shown that GFC was correlated with several major cardiovascular risk factors in a healthy population. There was an inverse correlation between GFC and BMI, glycemia, TG; and a direct correlation between GFC and HDL-C. GFC was significantly lowered in hypercholesterolemia, and this diminution was enhanced in the presence of an associated hypertriglyceridemia. GFC was even further reduced in noninsulin-dependent diabetes mellitus. The low GFC in hyperlipidemia and diabetes has indicated that GFC was sensitive to the deficient fibrinolysis associated with these conditions, which carry a significant cardiovascular risk (23) . Patients with mitral valve prolapse and decreased GFC have been shown to have transient ischemic attacks as a thrombotic microvascular complication (26) .
Contributions of several physiological influences on GFC have been assessed. There is no effect of smoking on GFC in a previous investigation in which oral contraceptive users had higher GFC values (22) . Glycemia and sport practice also contributed significantly to GFC (33) . Because GFC is a novel method, it is clear that further studies will shed light on the exact relationships between many (patho)physiologic influences and GFC.
The fibrinolytic system is the principal effector of clot removal. Insufficient activation of fibrinolysis, as reflected by decreased GFC, represents a thrombotic tendency in patients with PCOS. Impairment of the fibrinolytic system interferes with the hemostatic balance and can lead to thrombosis by inhibiting clot resolution. Regarding the findings of hypofibrinolysis in the pathobiology of coronary thrombosis (31, 34) , decreased global fibrinolysis in PCOS must be considered as an important finding in explaining CVD in this syndrome. Ovarian steroidogenesis systems, together with intraovarian and circulating IGF systems should be searched to elucidate hypofibrinolysis of PCOS. The IGF system is involved in the pathogenesis of PCOS, and IGF-1 can cause hypofibrinolysis (35, 36) . Similar interactions must be investigated for other molecules that present in the cyst fluids of PCOS.
Our results suggest that women with PCOS have impaired fibrinolysis, as reflected by the decreased GFC. This impairment is not related to IR and can contribute to the risk of CVD in PCOS. The issue is not just academical. Elucidation of the modifiable mechanisms and significance of hypofibrinolysis in PCOS can represent an opportunity for preventive therapy of cardiovascular risks associated with PCOS (37) . Further investigations are needed to elucidate whether this impairment is modifiable and to shed light on the importance of hypofibrinolysis in PCOS and CVD.
